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Meiosis was studied in 24 plants from a diploid Themeda triandra Forsk. population. This population was found 
to include a high proportion of aneuploids (33,3%). Amongst these were trisomies (12,5%), tetrasomics (16,67%) 
and one possible hexasomic. The effect of the aneuploidy on meiosis is described and the possible causes of 
such a high proportion of aneuploids in a diploid population is discussed. 
24 pi ante van 'n diploiede Themeda triandra Forsk.-bevolking is bestudeer ten opsigte van meiose. 'n Hoe persentasie 
aneuploiede is gevind (33,3%). Hieronder was 12,5% trisome, 16,67% tetrasome en een moontlike heksasoom. 
Die effek wat die aneuplo"idie op die verloop van meiose het, word beskryf en die moontlike oorsake van die hoe 
persentasie aneuploiede in 'n diploiede bevolking word bespreek. 
Keywords: Aneuploidy, chromosome numbers, meiosis, Themeda triandra 
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Introduction 
Evidence has been presented that Themeda triandra Forsk. 
forms a polyploid agamic complex in southern Africa (Gluck-
mann 1951; Brown & Emery 1957, 1958; De Wet 1960; 
Liebenberg 1961; Liebenberg & Pienaar 1962; Liebenberg 
1986). Similar results have been reported from India, Central 
Africa and Australia for this and related species (Woodland 
1964; Tateoka 1965; Gould & Soderstrom 1974; Faruqi et at. 
1975; Mehra & Sharma 1975; Birari 1980, 1981, 1983). 
(2n = 22 = 2x + 2) and one plant had 2n = 24 chromosomes, 
possibly being hexasomic (2n = 24 = 2x + 4). 
In addition to this species being polymorphic for chromo-
some numbers at different localities, Gluckmann ( 1951) and 
Lubbinge (1980) have shown that chromosome number 
variation (polyploidy) can also occur within one locality. The 
present study was undertaken in order to investigate possible 
chromosome number variation within one locality. 
Materials and Methods 
A population was chosen just north of the Magaliesberg in 
the Transvaal on the Roodeplaat experimental farm, 25°35'S/ 
28 °21'E (2528 CB). The population occurred on a low hill 
covered with open Bushveld. The open patches of grass 
contained a high density of Themeda plants. Thirty plants 
were selected at random. A random number of paces (one 
to nine from a random number list) were made in a zig-zag 
fashion over the area (see Figure I) before taking each sample. 
The inflorescenses were picked during the morning between 
09h00 and 1lh00 and fixed in 6:3:2 methanol:chloroform: 
propionic acid (Pienaar 1955). Microspore mother cell squash-
es were made in 1 OJo propionic carmine. Herbarium samples 
of each plant were kept. Metaphase I pairing associations and 
chiasma analysis, and an anaphase I laggard analysis of 25 
meiocytes of each stage were made for each plant. In the case 
of one collection (Fossey 7), 36 metaphase I's were analysed. 
Results 
Flowers undergoing meiosis were found in 24 of the 30 plants 
collected (Figure 1). The chromosome numbers, pairing 
associations, chiasma and laggard analyses of these individuals 
are presented in Tables 1-3. Rather unexpectedly the popu-
lation was found to be diploid (it was hoped from previous 
experience that it would be tetraploid!). A surprisingly high 
proportion, 33,33%, of aneuploids was encountered however. 
Sixteen plants (66,67%) were disornics (2n = 20 = 2x); 3 (12,5%) 
were trisomies (2n = 21 = 2x + 1); 4 (16,67%) were tetrasornics 
Meiosis of the disomics 
All but one of the diploids had completely normal metaphase 
I pairing associations. The exception, being collection 30, one 
meiocyte was found with a pairing assocation of 9n + 21 
(Table 1). None of the disomics showed any laggards at 
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Figure 1 Relative plant positions (25 °35'S/28°2l'E). 
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Table 1 Percentages of the different metaphase I Table 3 Chiasmata analyses 
pairing associations Average number OJo chromosomes 
OJo metaphase I microspore mother cells of each plant chiasmata bound as Collection 
Pairing associations no. Per 
Fossey 2n Metaphase I bivalentb II 
N" ..:::; .;:; N" N" ..;: 
+ + + + 
5 20 13,96 1,396 100,00 
Collection no. + + 9 20 13,08 1,308 100,00 
Fossey 2n 8 0:: 8 0:: ~ 6 N" ~ 6 II 20 13,26 1,326 100,00 
5; 9; II; 13; 20 100 13 20 14,75 1,475 100,00 
14; 16; 19; 14 20 14,04 1,404 100,00 
20; 21; 22; 16 20 13,36 1,336 100,00 
24; 25 ; 26 19 20 12,44 1,244 100,00 
27; 29; 20 20 12,60 1,260 100,00 
30 96 4 21 20 13,24 1,324 100,00 
2 21 100 22 20 14,40 1,440 100,00 
3 96 4 24 20 14,36 1,436 100,00 
17 92 8 25 20 14,64 1,464 100,00 
26 20 12,84 1,284 100,00 
4; 10; 15; 28 22 100 27 20 14,64 1,464 100,00 
92 8 29 20 13,84 1,384 100,00 
7 24 83,33 13,89 2,78 30 20 13,60 1,365 99,60 0,40 
2 21 14,72 1,472 95,24 4,76 
3 21 15,44 1,550 94,86 5,14 
17 21 15,16 1,528 94,48 5,52 
Table 2 Analysis of unbound chromosomes at meta- 4 22 16,72 1,520 100,00 10 22 16,24 1,476 IOO,OO 
phase I and anaphase I I5 22 I4,96 I,369 99,27 0,73 
28 22 I6,56 I ,505 IOO,OO 
"' 
7a 24 I5,22 I,289 98,38 I,62 
"' 
"' .<:: 0. 
•37 metaphase I and 55 anaphase I meiocytes were analysed 
"' "' % of number of a; t) a; ~ 
..o a _o.t:: unbound chromosomes bAverage number metaphase I chiasmata 
a "' a 1? ;::s- ;::s c: metaphase I monovalents Average number bivalents formed c: c: 
c: "' 
"' Collection vtil "' "' OJl;> 01)"0 anaphase I laggards 
"' 0 "' ..... 
..... "' no . ..... c: "'OJ) 
2n 
!!;' 0 > OJ) 
0 2 3 4 anaphase I (Table 2). Their metaphase I chiasma analyses Fossey --< E --<~ 
5 20 0,00 0,00 100 varied from 12,44 - 14,75 (1,24-1,48 per bivalent) (Table 3). 100 
9 20 0,00 0,00 100 Meiosis of the trisomies 100 
II 20 0,00 0,00 100 In none of the trisomies (Table 1) was a trivalent ever en-100 
I3 20 0,00 0,00 100 countered. The majority of cells possessed IOn + h. In a 100 
I4 20 0,00 0,00 100 few instances 9n + 3r were encountered. The same pattern 100 
I6 20 0,00 0,00 100 was reflected in the anaphase I laggards (Table 2), the majority 100 
I9 20 0,00 0,00 100 of the cells having one laggard which underwent chromatid 100 segregation at both anaphase I and II. The number of chias-
20 20 0,00 0,00 100 100 mata varied from 14,72 - 15,44 (1,47 - 1,55 per bivalent) 
100 2I 20 0,00 0,00 100 (Table 3). 
22 20 0,00 0,00 100 100 
24 20 0,00 0,00 100 Meiosis of the tetrasomics 100 
25 20 0,00 0,00 100 Since the majority of the meiocytes (Table 1) had a pairing 100 
26 20 0,00 0,00 100 association of lin, the two extra chromosomes must be 100 homologous or at least homeologous. It may therefore be 
27 20 0,00 0,00 100 100 assumed that these collections are indeed tetrasomics. Once 
29 20 0,00 0,00 100 again the absence of laggards at anaphase I (Table 2) correlates 100 
30 20 0,08 0,00 96 4 well with the frequency of monovalents. Due to the extra 100 0 
2 2I I,OO 0,88 0 100 bivalent the number of chiasmata was higher, varying from 12 88 
3 2I I,08 0,84 0 96 4 14,96-16,72 (1,37 - 1,52 per bivalent) (Table 3). 16 84 0 
I7 2I I,I6 0,88 0 92 8 12 88 0 Meiosis of the 2n = 24 collection (Fossey 7) 
4 22 0,00 0,00 100 Three metaphase I pairing associations were encountered. The 100 
10 22 0,00 0,00 100 most common being 12n (83,330Jo) as well as lin + 21 100 
I5 22 0,32 0,00 92 8 (13,89%) and lOrr + 4r (2, 78% ). The frequency of metaphase 100 0 
28 22 0,00 0,00 .!.QQ I unbound chromosomes (monovalents) is fairly well reflected 100 
7a 24 0,39 0,82 l!1....li _Q__ ~ bl!! in the anaphase I laggard frequencies, although the percentage 60,00 1,82 36 ,36 1,82 
of cells having two laggards was higher than the metaphase 
•27 metaphase I and 55 anaphase I meiocytes were analysed I meiocytes with two monovalents. The chiasma frequency 
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of this plant was 15,22 (1,289 per bivalent). In comparison 
with the trisomies and tetrasomics this chiasma frequency is 
somewhat low in spite of the fact that a higher percentage 
of the chromosomes are bound as bivalents (Tables 2 & 3). 
Discussion 
The occurrence of aneuploidy in Themeda seems to be fairly 
common. Gluckmann (1951) and Liebenberg (1986) have 
reported it for T. triandra in South Africa, while Hayman 
(1960) found it in T. australis in Australia and Sisodia ( 1971) 
has reported it in T. anathera from India. This would sug-
gest that aneuploidy does not have much of a deleterious 
effect on the polysomic plants. In fact no apparent phenotypic 
differences could be seen between the different plants of this 
study. 
The occurrence of aneuploidy amongst polyploids that are 
no doubt segmental allopolyploids as Themeda polyploids are 
reported to be (Sisodia 1971; Birari 1980, 1981; Liebenberg 
1986), is not unexpected. However aneuploids on a diploid 
level at the frequencies at which they have been found in the 
above-mentioned reports, are unexpected. This points to two 
possible causes: firstly, it suggests the possible existence of 
a mechanism which induces aneuploidy reasonably regularly; 
secondly, as mentioned above, because there is little or no 
deleterious effect on the competitiveness of plants or gametes 
that are aneuploid, existing aneuploids regularly produce 
further aneuploid progeny. There is little doubt that this 
aneuploidy is an autosomal aneuploidy. B-chromosome 
aneuploidy does occur in T. triandra (Liebenberg 1986), 
but the B-chromosomes are considerably smaller and show 
a differential staining pattern, probably due to their hetero-
chromatic nature. Furthermore, in a 2n = 40 + 4B collection 
Liebenberg (1986) found that the multiple B-chromosomes 
do form multivalents, whereas this was not encountered in 
the possible hexasomic collection Fossey 7 described in this 
study. 
In the disomic collection Fossey 30, a pairing association 
of 9n + 2r was found. Liebenberg (1986) reported the same 
phenomenon in five of the 15 diploids that he studied. 
Whatever the cause of this might be, it does lead to anaphase 
I cells occurring with 2 laggards which, as mentioned, undergo 
chromatid segregation at both anaphase I and II. This would 
lead to a small proportion of gametes being formed with an 
extra chromosome for the pair that formed the two mono-
valents (n = 11 = x + 1). 
In a number of species, trisomies have been crossed with 
disomics and it has been found that the extra chromosome 
is transmitted to the progeny at reasonable rates (Khush 1973). 
It is therefore not unreasonable to accept that this also occurs 
in natural populations. It seems very likely that the high 
number of aneuploids in the Roodeplaat population are 
descendants of the same original trisomic parent. If the 
distribution of the aneuploids in the population is studied 
(Figure 1) there seems to be a tendency for them to be 
concentrated in the south-western portion of the area studied. 
This would argue in favour of the plant with 2n = 24 being 
a hexasomic (2n = 24 = 2x + 4) and therefore that the four extra 
chromosomes are homologous. This argument is supported 
by the fact that the 2n = 22 = 2x + 2 plants are tetrasomics and 
not double trisomies (2n = 2x + 1 + 1), since double trisomies 
cannot have a pairing association of 12n. 
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The pairing associations found in the aneuploids of this 
study included none with any multivalents. The same pheno-
menon was encountered by Liebenberg (1986). This further 
lends support to Liebenberg's theory that in T. triandra, 
polysomy of homologues seldom gives rise to multivalent 
formation and consequently that the occurrence of triva-
lents and quadrivalents in polyploid Themeda individuals 
is mainly due to structural hybridity (interchanges), especially 
in those collections with a high proportion of chromosomes 
bound as quadrivalents. This would support the assumption 
that the polyploids are segmental allopolyploids rather than 
autopolyploids. 
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